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Associate Members who choose to apply for the same. It
will be no use to apply, however, for sometime yet to come,
for two reasons ; firstly, because the printing will take time,
and secondly, because we shall certainly await—as ever)''
recipient, 1 think, would wish that we should await—the
return to this country of our President, in order that he
may sign them. There is one detail with regard to the
diplomas which I have not mentioned. The diplomas will
be printed, unless otherwise ordered, upon a special kind
of Japanese vellum paper, and no charge will be made to
those who are entitled to apply for them ; but the Council
has determined that there shall be a number of full Members'
diplomas struck off on vellum, and for each of these a fee of
one guinea will be charged to such Members as may choose
to apply for that form of diploma, and to pay for it. It has
been determined that any profits arising under this head
shall be devoted to that most laudable object, which natur-
ally is uppermost in the minds of every one of us when we
think of the future of this Institution, the Building Fund.

The following paper was then read :—

ELECTRIC TRACTION BY SURFACE CONTACTS.

By MILES WALKER, Associate.

We cannot put forward any surface-contact system as
a practical substitute for the overhead wire in electric trac-
tion unless we can answer in the affirmative the following
three questions, (i) Is it possible to lay surface contacts in
a roadway so that they do not cause any obstruction to
traffic ? (2) Is the method of picking up current from studs
by means of a skate feasible under practical working con-
ditions ? (3) Can the studs be made perfectly safe ? If
affirmative answers to these three questions can be estab-
lished, the future of surface contacts for town traction is a
great one. If the answer to any question is unsatisfactory,
there may be grave objections to this system of conveying
electrical power to a moving car.

Nothing but a long trial can give us conclusive answers,
but an Institution like that of the Electrical Engineers can
form a very fair judgment upon the probabilities of a scheme
on being supplied with experimental data, and it can more-
over give a diversity of criticism and suggestion which will
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c
be of the highest
value to a scheme in
its infancy. It is to
obtain that judgment
and to profit by that
criticism and variety of
suggestion that I have
brought forward the
details and experi-
mental data of a sur-
face contact system,
upon which Mr. C. E.
Holland and I have
been at work under the
direction of Professor
Silvanus Thompson.

I. To arrive at an
answer to the question
as to the obstruction
in the roadway we must
find by what amount
the studs ought to pro-
ject and also what
amount of inequality
is ordinarily found and
is admissible in a road-
way.

During the last few
months I have been
making observations
of roadways in city
streets and along tram-
way tracks, and I have
been surprised to find
how great the depth of
inequalities in pave-
ment really are when
we come to measure
them. Hollows ^ inch
or even § inch deep are
hardly noticeable if of
two or three feet in

VOL. XXVIII. 16



242 WALKER ON [Feb. 16th,

extent. Hollows an inch in depth, and with gently sloping
sides extending four or five feet from the centre are of very
common occurrence in roads which a casual observer
would call good. The track between tram rails is generally
to be found much more uniform as to levels than the
other parts of the road, but even here sudden changes
of ^ inch or f inch in the level of the crowning are
so common that we never notice them. It is difficult for
the eye to detect slight changes of slope in a groundwork
of rough granite setts. , •

In order to give an idea of the sort of inequalities which
commonly occur unnoticed in roadways, I have made a
drawing (Fig. i) to scale of the section of a fair average
piece of well-worn roadway in the Holloway Road. The sec-
tion is taken parallel to the rails and midway between them.
The straight line gives the level of the rail. The upper
line gives the inequality of the paving-stone surface. The
average hollow that one meets with is about ^ inch deep.
In places the stones have sunk until they are nearly level
with the rails, while the original crowning between rails
seems to have been about i£ inch. Of course it looks very
much worse in section than it does in the street. For com-
parison with this piece of paving I have given a section
(Fig. 2) drawn to the same scale of our experimental line at
Willesden Junction. This, of course, represents a piece of
track just newly laid and without the inequalities which
are sure to come with time and traffic, but one can see at a
glance that if we impress the inequalities of Fig. 1 upon
those of Fig. 2 we do not get anything which is substanti-
ally worse than either. In order to show the sort of hollows
that one meets with in roads which are in bad condition.
I have given a section (Fig. 3) of a hollow in a rather bad
piece of roadway. I do not know that the thoroughfare
from which this was taken (and which contains many
hundreds of similar hollows) bears at all a bad name.
People seem to put up with them very quietly. Figures 4
and 5 show sections of roadway at right angles to the rails,
one with a surface contact and the other without.

Now the projection of the stud shown in Fig. 2, innocent
though it may seem in comparison with ordinary paving-
stone inequalities, is amply sufficient to give the required
clearance to the skate. Its top is. on. thet average i£ inches.
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above the level of the rail, and the clearance between the
skate and the crowning of the pavement between two studs
is f inch. This is sufficient to clear all but very deep mud.
The effects of mud and water are considered at length
below. If a paving-stone happened to project some way
above the others it would do no harm until it projected
above the level of the stud, and a rare occurrence of that
kind could be very easily dealt with.

II. This brings us to our second question as to the
feasibility of picking up current from studs. It should be
noticed in the first place that a row of studs is a very much
better thing than a sectional rail. A stud is much easier to
insulate than a rail. The leakage from a rail in wet weather
would be twenty times as great as from a stud. A rail is
much more difficult to renew, and though it gives greater
facility upon sharp curves, its advantage in this respect
loses weight as soon as we show that the studs can operate
on the sharpest curves met with in practice.

When studs are used it is of course necessary to carry
below the car a long metal skate which will maintain its
contact with one stud while it passes on 10 the next.
And the question naturally arises, Can a skate be made
to run smoothly over a row of studs ? That is a question
upon which we had considerable doubt until we tried it.
The answer (so far as an answer can be obtained from an
experimental line) is that it can be made to run at the highest
speed smoothly, in fact almost noiselessly. We have tried
the effect of various obstacles on the line. Anything big,
like a brick or a tin canister, is simply knocked out of the
way without even causing a spark. Stones standing about
an inch high generally suffer the same fate. Sometimes,
however, if a stone is wedged carefully into a hollow in the
road the skate will glide over it and be prevented from
touching the stud. The effect of this is that the car is
deprived of power from that- stud, but running on by its
impetus contact is again established with the main. This is
an accident of no moment, and would, in fact, very seldom
Occur in a paved street. A shovelful of gravel thrown
upon and round the stud has the effect of causing consider-
able, sparking, but does no great harm. Gravel upon the
track will cause sparking in any electric traction system- in
which the rails are used for a return.
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One method of supporting the skate (in the case of a four-
wheeled car) is shown in Fig. 6. A frame (part of which is
shown in the figure and marked F) is supported on bearings
running on the axles of the car. To this is bolted a pair of
stout brackets of the shape seen in the figure. A vertical
pin, i£ inch in diameter, with a thickened base pivotted to
the skate, slides freely in each bracket, and carries two pairs
of lock nuts. The lower pair press upon a spring and can
be adjusted to take any required fraction of the weight of
the skate, while tlie upper pair act as a back-stop and pre-
vent the skate from falling below a certain fixed limit. In
practice the back-stop should be adjusted so that it allows
the skate to fall as low as the lowest stud on the line (say
about an inch above the level of the rail), while the spring is
adjusted so that when running on an average stud the

mm
FIG. (\

pressure is about io lbs. The spring being a long one and
much compressed changes its forces very little with a lift of
i or I inch. The little friction that occurs on the pin is
just sufficient to deaden any tendency to dance when
running at a high speed. The skate is composed of a
U-shaped steel girder $ by 2^ inches, and is 18 feet long.

The side webs of this girder are cut off for a length of
three feet at each end of the skate, so as to give the point a
certain amount of springiness. The springy portions are
then bent up at a very gentle slope (about i in ioo), and the
tips are still further curved upwards. By supporting the
skate on springs at two points about four feet from its ends
a very useful pitching motion is given to it as it slides over
the studs. This is shown in Figs. 7 and 8, in which the
vertical scale is exaggerated so as to make a small drawing
sufficient.lv clear.
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The greater part of the weight of the skate being borne
by the springs, so long as a stud is under the central part
the ends are kept well above the ground. But as the stud
gets nearer and nearer the hind end more and more weight
is thrown upon the front end, until just before the skate
reaches the next stud, the front end is down upon its back
stop, as seen in Fig. 8. This stop is about four feet from
the tip, and the slight tilt of the skate throws the tip a little
lower than it otherwise would do and at the same time
presents the striking surface at an exceedingly small angle
(about o° 30') to the horizontal. Thus the contact with
the studs can be made almost silently even at the highest

•v_= ===**>

FIG. 7.—Vertical scale exaggerated, showing how skate rests on stud.

FIG. 8.—Vertical scale exaggerated, showing the dipping action of skate.

speeds. The tip of the skate, which is ordinarily well
above the ground, dips down to accommodate itself to a
worn stud just at the point where it is required. Having
once touched the stud and excited the magnet under.it, the
attraction of the magnet helps to stop any jumping. The
ends of the skate being very springy accommodate them-
selves very well to studs differing considerably in height.
In practice it will be possible, by setting the boxes directly
upon ties between the rails, to ensure that the studs do not
in the ordinary course vary by more than \ inch.

The method by which one stud is made alive before the
car leaves the stud behind will be considered in the next
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section, but while considering the skate it is important to
note what amount of overlap must be allowed to it. In
designing an experimental line we wanted to be on the safe
side, so we allowed a 3! foot overlap, knowing that the
switches took about fa second to close. Thus the skate
was made 18 feet long with 14^ feet between the studs.
This overlap is more than sufficient. We have run at a
measured speed of 16 miles an hour without experiencing
trouble from the non^closing of switches, and could
probably go quicker but for the inconveniences of our
short track. Now as the Board of Trade regulations limit
the speed at which cars in towns may run far below this, we
might have a much shorter overlap or a longer distance
between the studs. The Board of Trade Regulation for
Dublin runs as follows :—

"The speed at which the carriages shall be driven or
propelled along the tramway shall not exceed the rate of
eight miles an hour, and the speed at which the carriages
shall pass through facing points, whether fixed or movable,
shall not exceed the rate of four miles per hour."

Further, in the regulations relating to the motor carriage
it is provided—

" It shall be fitted with a governor which cannot be
tampered with by the driver and which shall operate so as
to cut off all electric current from the motors whenever the
speed exceeds 10 miles an hour."

While it is.possible to go at the speed of 15 to 20 miles
an hour with a moderate overlap, we can by shortening the
overlap, positively prevent the car from going at a speed
greater than a certain fixed limit.

We find that we can increase the length of skate to 22
feet for a 25-foot car and have 18 feet 6 inches between the
studs. Lines on which bogie cars are employed would
allow .of still greater length of skate and as much as 30 feet
between the studs.

In wet weather a certain amount of leakage occurs from
the stud which is for the time supplying current to the car,
and it is important to inquire how much this leakage is.
It is easily ascertained by actual measurement with street
mud and water placed around the stud and skate. The
following data were obtained by experiment. The pressure
on the line was 500 volts.
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PARTICULARS OF LEAKAGE FROM STUDS.

247-

Condition of Road.
Current leaking

in amperes.

Track covered with very wet mud and water 7} to f inch
deep so as to make the very worst street condition.
The skate resting on two studs at 500 volts above
earth. The mud between the studs touching the
skate at intervals along its length. Total leakage from
the hvo studs

The same after standing five minutes
After one stroke of a brush so as to reduce the depth of

mud and water to £ inch...
One stud with short skate resting on it. Wet mud about

£ inch deep. ...
The same with mud deeper. Very bad road conditions...
The same with thin mud and water as it would be on an

ordinary wet day ...
The same dry

3 '9
4*5

2-3

2-5

04
Practically

none.

It must be remembered that the sloping asphalt round
the studs tends to become cleaned in very wet weather.
After a heavy shower, the bulk of the mud having been
removed, the leakage will be very little indeed. It is
probable that the average leakage in wet weather will be
about half an ampere per car; while under exceptionally
bad road conditions it may approach five amperes. By
carrying a brush in front of some of the cars to sweep away
the- deepest mud it can be kept at about one ampere even
under the worst conditions. Taking only five fine days to
one wet one, the average leakage will be under a quarter of
an ampere per car, or about 2 per cent, of the total power
of the station. It is difficult to say what effect this will
have upon the coal bill, but it is certain it cannot increase
it by 2 per cent. Of course on a dry year like the one
we have just had the average leakage would be almost
negligible.

Ease in going round curves and over crossings is a
matter of great importance in any system of electric traction
in towns. When a long skate is used on a simple four-
wheeled car it is necessary to put the studs nearer together
on a sharp curve, because the ends of the skate do not keep
to the centre of the track. On a 34-foot radius curve it is
desirable to have studs every 8 feet. This, of course, adds
to the cost of construction, but as the greater part of a tram-
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way company's rails are straight or nearly straight it is not a
serious matter. The length of the skate is really limited by
the radius of the sharpest curve on the line. If a line has
many 34-foot radius curves, a suitable length for the skate is
about 18 feet for a four-wheeled car.

Jt is a great advantage in a surface contact system to
have only one row of studs in the centre of the track. It is
also an advantage to have each stud self-dependent; that is
to say, capable of being exerted without interconnections
from other studs. In systems having two rows of studs it
must be very difficult to keep the right skate on the right
stud when going round a curve, unless the skates are quite
short and the studs very near together in each row. At
crossings the difficulties would become greater. We have
found that by employing a single row of studs in the
centre of the track (where full advantage can be taken of
the crowning of the paving-stones) there is no difficulty
in going round sharp curves and over crossings.

In electric traction systems it is not usual to provide a
means of bringing the car off the rails and taking it round
an obstruction on the line. If it is thought desirable to do
this, it can be done very easily on a surface contact system
by carrying with the cars properly protected flexibles which
can in an emergency be attached to the studs and to the
rail.

III. We now come to the most important question—
the question of public safety. The automatic switches must
be designed so that they can only be closed when a car is
over the stud, and the provision for guarding against the
accident of a stud being left alive in the street must be
absolutely without a flaw if the surface contact system is to
be permitted for a moment in England.

It is exceedingly difficult to form an estimate of the safety
of any particular device. Things that we are accustomed
to use every day without injury to ourselves we come to
regard as harmless, often not so much because they have
no element of danger in them as because in common
experience accident does not happen. Who seeing for the
first time a railway train steaming at 60 miles an hour
would care to trust himself on board it ? The more he
might know of the laws of motion, the attraction of graviia-
tion, and the strength of materials, the less would he be
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inclined to listen to arguments to prove that it could not
come off the rails. The reason that we dare go railway
journeys is not because we are satisfied with the proof, it is
because in common experience trains do not run off the
rails. Upon the introduction of anything to which we are
unaccustomed, anything that contains a conceivable element
of danger, we are at once afraid, and it is exceedingly diffi-
cult for any one to satisfy us that it is perfectly safe. It
is so with surface contacts. The more we know about
mechanism, the less we feel inclined to trust in the safety
of a device which is proved to be safe by unanswerable
arguments. There is only one way of bringing conviction
to the mind of the timid, and that is to simplify the issue
upon which safety depends until it becomes identical with
something with which we are perfectly familiar and in which
we have perfect confidence. It is in this way that we have
tried to bring home the safety of surface contacts.

Take something that we are sure about. Can a magnet
attract the air ? It cannot. If we are sufficiently sure of
that, it will do for a principle upon which to base a safety
switch. But we want something more than a principle, we
want a moving part to make a switch. Then let us take one
of the simplest and surest of all moving things, a heavy
cylinder sliding in a very loose vertical tube. Is it possible
for it to remain suspended in the tube when the only force
upon it is gravity. If it is impossible, then that cylinder will
do for our moving part. The problem now is to make a
switch whose safety depends, and depends only, upon a
magnet not attracting air, and a cylinder which will not
stick. If we can do so without introducing other issues of
a more complicated character and with which we are less
familiar, then "we have a switch upon which we can
rely. If we take an iron plunger with expanded ends, like
that numbered 2 in Fig. 9, and surround it by a solenoid of
wire, carrying a current, it is possible to choose the size of
the heads so that the tendency of the plunger to assume a
central position is balanced by the attraction of the solenoid
on the iron heads. With properly chosen heads the sole-
noid exerts no force whatever on the plunger. Gravity
being the only force upon it, it will, of course, take up the
position No. 2. If now a piece of iron is placed over it, as
shown in No. 3, the plunger may be raised by the attraction
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between the two. In case a very heavy plunger is used it is
possible to support part of its weight by merely increasing
the size of the lower head by a small amount. Thus we have
a simple piece of mechanism whose movement is entirely
dependent upon the presence of a mass of iron in its neigh-
bourhood, and which cannot be moved by the solenoid
itself, even though the magnetising current carries the iron
up to the saturation limit. This has been converted into
the operating part of the switch, in the manner described
below. Now, though the force of attraction is sufficient to
lift a fairly heavy plunger and operate a switch, it is desir-
able to have something more than this. We want a switch
which will, notwithstanding its massive moving parts, close

No.1t No. 3

in an exceedingly short space of time. We want a very
great acceleration upon the moving parts during the first
part of their motion. This is easily obtained by merely
separating the upper head from the plunger by a short air-
gap, as shown in position No. i of Figure 9, and arranging
matters so that the mass of iron comes over the switch
before current is put through the magnetising coil. As soon
as current passes, the attraction upon the head is so great
that the plunger gets up a high velocity before the two come
together, with the result that the switch operates as though
it had been hit with a hammer. A very simple device, a
mere film of oil acting as a cushion, can be employed to
prevent the switch from being injured by the concussion.
The connection of this operating part to the contact points
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of the switch has been the subject of some very varied
experiments. If we are to preserve our original simple issue
we must not hamper this plunger with any gear at all. The
safety of street passengers must be made dependent upon
nothing else than the falling of the plunger when the mass
of iron is removed. The attachment of any gear at once
introduces the risk of friction whose amount may be a vari-
able quantity. Figure 10 shows the construction of one of
our safety switches. The switch is in the closed position. The
plunger P is the same in design as that shown in Fig. 9. It
is surrounded by a very loose tube which is enlarged at its
lower end, T, so as to enclose the expanded end of the
plunger, which is free to slide .in the tube, the clearance
being as great as we like. The tube T can itself slide in an
outer tube, and is attached by insulating brushes to the yoke
piece Y, which, when the switch is closed, makes electrical
connection between two brushes C and C2.

As the whole switch is immersed in oil a considerable
suction exists between the plunger P and the tube T not-
withstanding the large clearance, so that when the plunger
falls it carries the yoke Y with it and opens the switch.
Before describing the. details of this switch it will be best
to look at the general method of operating the switches in
succession. Figures 11 and 12 are diagrams of the electrical
connections. Switch No. 1 of Fig. n is closed and current
is flowing from the feeder main FF through the fuse /,
through the yoke piece from Ci to C2 and to the stud S,
thence by means of the skate K it passes to the motor and
then to the frame of the car truck. In this particular
method of making the connections the plunger is magnet-
ised by means of a shunt coil connected between the stud
and earth. The comparative advantages of shunt and series
coils in switches of this kind was discussed in our British
Association paper, and I need not go into that matter again.
It is sufficient to describe here the method which we have
found to be simplest and most satisfactory. It will be seen
that in the diagram the yoke between CT and.C2 is drawn
as a piece separate from the plunger, but it is to be under-
stood that in the ordinary course they rise and fall together
as mentioned above. Thus in No. 1, Fig. 11, the plunger
is up and the yoke is up ; in No. 2 they are both down.
Fig. 12 shows the car in the act of passing from one stud
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to the next. As soon as the skate K touches the stud of
No. 2, current passes from it round the shunt coil, magnet-
ising the plunger, which rises and is held up by its attraction
upon the iron skate K. A moment later the skate K leaves
switch No. i, and as the plunger has no longer anything

FIG. II .

which it can attract it falls and opens the switch. The
forces required to open the switch are very small, and the
three pounds weight thrown upon the yoke piece upon the
removal of the iron of the skate gives a very ample factor

FIG. 12

of safety. But the safety of street passengers does not
depend upon the opening of the switch in'this way. If for
any reason whatever the yoke piece did stick up (a thing
which it practically never will do), the plunger will slide
down the tube T and make..connection between the yoke
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piece and the earth in the manner shown in Fig. 13. This
will connect the main to earth through the fuse /. The
fuse will, of course, be blown immediately and the switch
entirely cut off from the main.

The switch shown in Fig. 10 can now be described in
greater detail. In the first place it is contained in a round
cast-iron box, the lid of which is of gun metal and forms
the stud. The lid is fixed into a gun-metal ring which is
insulated from the cast-iron box by means of micanite.
The whole is designed to bear a weight of 15 tons and to
take a heavy blow having a considerable horizontal com-
ponent, such as would be received from a heavy waggon
jogging on to it. The space round about the stud is filled
in with asphalt up to the level of the road, but the micanite
is designed to insulate the stud sufficiently by itself even if
the asphalt were broken away and the
space filled up with water. In still later
designs we are insulating the studs by
supporting them entirely upon a block
of granite. The stud is faced with a
plate of hard phosphor-bronze to take
the wear, and this plate can be replaced
when worn down.

One very important matter in con-
nection with surface contacts is the
water-tighting of the switch-boxes. Our method is to
keep the opening of the switch-box as small as possible,
and to provide a very solid lid screwed down hard
against a rubber washer placed in a suitable recess. This
gives a very perfect joint. The lid of the switch-box is the
stud itself. The switch is attached to the underside of the
stud and comes away with it as a single piece. To renew
a switch, all that is necessary is to take out the three screws
which hold it down, withdraw it by a .holder made for the
purpose, and drop in a new switch and stud and screw the
whole down. The operation can be performed in less than
two minutes. On the form of the switch contacts we have
experimented a good deal. We have found that a particular
form of mercury contact is very satisfactory, but there is a
prejudice against mercury contacts and so I show here a
brush contact which answers its purpose admirably. .The
precautions to be adopted to keep a metal contact in good
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condition permanently are as follows. In the first place
provision must be made absolutely to prevent sparking
upon the contact-surface. Secondly, a certain amount of
friction must be introduced between the surfaces to keep
them bright. • The surfaces should be arranged to touch
on as many points as possible, and yet there should be a
substantial bulk of metal in the vicinity of the touching
surfaces. A material should be employed which has good
elastic properties, and in the operation of opening and
closing all strains upon it must be far below the elastic
limit: The cross-section of the material must, of course,
be amply sufficient to carry the required current, and all
causes of warming must be eliminated. If these precautions
are adopted, a switch contact can be made to operate
thousands, of millions of times without injury. The switch
has, of course, never to break the main current going to
the car. It cannot open until the skate has been removed.
It has, however, to break the current leaking from the stud
and also the current taken by the magnetising coil, which is
nearly half an ampere. To take the spark caused by this
Current we provide a contact between two arc carbons, D
(in parallel with the main contacts), which does not break
until the main contact has opened £ inch. This ensures
the small spark always occurring on the carbon points.
The switch being immersed in oil, this small spark is not
pulled out any perceptible distance, and by providing a
2^ inch break the switch is enabled to break currents of
ten times the amount if it were necessary to do so.

The method of earthing the switch in the event of the
yoke piece Y failing to open is seen at once from Fig. TO.
The rod N is of copper, and has a collar on its upper end
which will come in contact with the yoke piece Y whenever
P moves down relatively to T." If Y and T should for any
cause stick and keep the switch closed after the car has gone
past, N in falling will connect the earthed mercury cup E
with the yoke Y and blow the cut out. The mercury cup E
is merely a hole drilled in the cast-iron switch box. The
box is permanently earthed by being connected to the rails
by a stout conductor. It is found that a mercury cup of
this kind remains unchanged for years, but still it is well to
put a check upon its efficiency as a safeguard. This is done
in the following way; It will be seen froni the diagram of
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connections that one end of the shunt coil is connected to
earth. The method of making the earth connection is to
bring down a stiff conductor from the switch and make it
dip into the upper portion of the mercury cup E. So long
as that cup remains efficient as a connection to earth the
switch will operate, but if for any reason (as for instance the
box being cracked and the mercury spilt).the connection to
earth is broken, then the shunt coil becomes inoperative
and the switch cannot be closed at all. If, therefore, the
switch will close at all, we are sure that the. mercury cup E
is full. In this way the risk of accident is reduced to the
one risk of the plunger sticking in its tube.

It is therefore necessary to consider somewhat carefully
what risk there is in the plunger sticking up after the car
has passed. It will be noted that there are absolutely no
side forces upon the plunger to cause friction against the
inside of the tube. The clearance is so great that even the
introduction of grit does not have any effect. As a matter
of fact, under the worst conditions the force due to friction
is less than ^ oz. When the plunger and tube are polished
and working in oil as in practice, we may safely take the
force of friction as less than o*oi of a lb. Now we can
make the downward force upon the plunger when the iron
skate is removed almost what we please; how great we shall
make it is merely a question of economy in copper. We
consider that a factor of safety of 200 is more than sufficient.
We have adjusted the sizes of the iron heads of the plunger
so that the downward force after the removal of the skate is
2\ lbs. This of course becomes less as the plunger falls,
but it still has a considerable value after the plunger has
fallen f-inch and earths the switch. Thus we see that the
chance of the plunger sticking is absolutely nil.

There is one other risk to guard against, and that is the
breaking down of the insulation between the main and the
stud. This is most effectually done by surrounding the
switch by a sheath of metal which is permanently earthed
and supporting all parts connected to the main on the
earthed sheath, so that if their insulation breaks down there
is an arc to earth and the fuse is blown.

Although the passage of the car from stud to stud is a
continuous process, each switch being actuated by current
derived from the last switch, it is necessary to,have on the
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car some means of making a stud alive if by any means con-
nection with the main should be lost. For this purpose we
carry on the car a small accumulator battery capable of
yielding a current sufficient to work a switch at a pressure
of 500 volts. Its capacity need only be small, so it can be
very solidly and cheaply constructed, and as it can be
charged direct from the line it is always ready for use. In
practice we find that it is very convenient in use. The
ordinary car controller can be adapted with an additional
contact on it, so that when the handle is swung round to a
certain position the accumulator is connected to the skate.
By this means the driver can in an instant pick up again, if
through any obstruction the skate loses contact with the
main. It is a distinct advantage in a surface contact system
for the current which operates the switches to have a high
pressure behind it because it is able to overcome little
obstacles such as mud and paper on the studs. For this
reason switches requiring 500 volts pressure to operate them
are preferable to switches operated by a low voltage battery
carried on the car.

Throughout the whole of our work on surface contacts
we have, of course, been aware that they could never
be as simple in operation as the overhead wire, and
that where the overhead wire is permissible, it is to
be preferred on account of its cheapness if for nothing
else. We have merely directed our efforts to see how far
surface contacts could be perfected. We believe that future
experience will show that the studs can be laid so as to cause
no obstruction to traffic; that the method of picking up
current from studs in the road is much more feasible than
it at first sight appears, and that the safety can be made as
great as in any other system of electric traction.

One thing that augurs well for surface contacts is the
ease with which they can be worked in conjunction with
the trolley wire. It will be possible to run a car from one
system to the other without any more delay than is required
to hitch the trolley on to its line. Throughout the experi-
mental work of the last two years we have had the assistance
of Mr. C. E. Holland, and some of the most valuable
suggestions have been due to him. Had it not been for his
continual efforts the experimental line at Willesden could
not have been made such a great success. . ,

VOL. xxvm. 17
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Professor Professor CARUS-WILSON : I am sure that I am only expressing the
Wilson. general feeling of the meeting in congratulating the author of this paper,

and those who have been associated with him, on the successful issue
of the application of the principles that have been brought before
us this evening to the difficult but important problem of electric
traction by surface contacts. I should have hesitated to criticise the
interesting contrivance which we have been shown, as it is at present
in an experimental state ; but since the author submits this paper with
the object of getting expressions of opinion on the subject, he will
understand that criticisms are not directed with any other feelings
than those of goodwill and appreciation of the work that has been done
already.

The author has not made as good a point as he might have done of
some of the characteristics of his system. A serious objection to the
majority of existing systems of surface contacts is that the leakage
current is liable to close the circuit, and so to make the stud, or contact
section, alive. But although this point is not alluded to in the paper,
reference to the diagram on page 253 makes it quite apparent that
leakage current cannot have any effect in keeping or making the stud
alive. This objection is, therefore, entirely absent in this system.

As to the very important question of safety, I cannot conceive of
anything that could be more safe than the magneto-mechanical con-
trivance which has been exhibited to-night. The demonstration of the
author as to the practical impossibility of the plunger remaining up
when the car is away from the stud, seems to be conclusive ; and as far
as one can see without having submitted the arrangement to the test of
prolonged experience, I think that, on the score of safety, the author,
is to be most heartily congratulated on the success of his efforts.

There are other elements besides safety which have to be borne in
mind, some of which have been dealt with by the author. It is possible,
I think, to sacrifice too much for the sake even of safety. I would
allude particularly to the element of accessibility. Any electro-magnetic
contrivance should be easily accessible for the purpose of inspection
and repair, without interfering with the traffic. -It is rather a drawback
in this system that the studs can be opened only when the traffic is not
passing, and that, as the author states in his paper, it takes about two
minutes to open one of them and get at the switch.

As to the question of reliability. I cannot imagine anything getting
on the stud to interfere with the picking up by the skate except ice ; but
in this country, that is not a very important objection.

The author has given up mercury contacts, on the value of which
great stress was laid in the paper read at the British Association last
year. I hoped that he would have had the strength of his convictions
and would have continued the use of the mercury contacts in spite of
the prejudice that exists against them.

With reference to the question of sparking, the author is quite
right- in stating (p. 255) that—" In the first place provision must be made

t absolutely to prevent sparking upon.the contact surface." The success-
of any system of surface contacts will largely depend upon being able
to get rid of sparking at the contacts. Given a conductor passing over
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successive studs connected to the main cable by conductors containing Professor
switches and electro-magnetic contrivances; the problem is to collect Wilson.
the current from each one of these studs, without getting sparks at the
switches. This problem is peculiarly like that of commutation, and if
we cannot get rid of the sparking at the switches, I agree with the
author in thinking that there is a very serious defect in the system.

The author states on p. 255 that " the switch has, of course, never to
break the main current going to the car." I do not want to dispute
this statement altogether, because I have not had the opportunity of
examining closely the working of the model before us ; but there is no
explanation in the paper to show why this should be so. Suppose that
the skate is resting equally upon two studs, we shall not get the same
current passing up from each. There is always a certain amount of
self-induction in the switch, and the result is that there will be a larger
proportion of current passing from the rear stud to the skate, than
from the forward stud. Hence there will be a considerable current
to be broken, either at the surface of the stud or at the switch, and the
question is at which will the break take place first ? It seems to me
that the answer to this question depends entirely upon the rate at which
the plunger falls, and I should like to ask the author to experiment
with the model before us, by drawing away the skate in a horizontal
direction, to show how far off the stud the skate must be before the
plunger will fall. If the plunger falls before the skate has left the stud
the circuit will be broken at the switch. No doubt the author will be
able to give us information'which will settle the question.

Mr. S. SHARP: I have, during the course of some years, had expe- Mr. Sharp,
rience in experimental work in regard to tramways. I assisted in the
examination and report upon the Lineff system, and since then I have
been working experimentally on the Gordon and the Pringle systems.
But of all the surface contact systems we have yet seen, the one
under discussion strikes me as being by far the best.

With regard to the last point raised by Professor Carus-Wilson, that
of the break of the current when the skate passes from one stud to
another, I think his fears are misfounded, because, as I understand the
explanation, the plunger cannot fall until the skate, has quite broken the
contact with the stud. If I interpret it rightly, the current is still
passing through the shunt, and holding up the plunger until the skate
has quite left the stud, and therefore necessarily the spark must take
place on the surface of the latter, and not in the switch itself. I do not
believe the question of sparking to be a very important one, occurring
where it does, and especially as then there is another stud in circuit.

Having seen this system [n operation at Willesden about three
or four months ago, and having spent a considerable time there, ex-
amining the working of the switches and seeing the ease with which
they were removed and renewed if required, I think the switches are
among the simplest and most easily accessible of those used in the
systems of surface contact which have yet been made public. In-a
very few seconds an attendant, by simply removing three screws from
the surface of the stud, can take out the switch and put in a new one;
the switch can then be taken away to be examined' at leisure. . EVen
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Mr. Sharp, throughout a long system, if the switches should require examination
or renewal, say every month, it could be done without very great loss
of time, or without hindrance to the traffic. Indeed, the system might
be kept in good working order without interruption of traffic, and
without delays and breakdowns.

The principal danger of surface contacts, hitherto, has been the
possibility of studs or rails being left alive; but this is, I think, entirely
obviated in Mr. Walker's arrangement. A break dependent entirely on
gravity is hardly likely ever to fail; there being no mechanism or
springs to get out of order, the weight exercises its effect and the
switch breaks.

Of course these things will have to be proved by actual experience
in hard daily work ; but what I have seen on the experimental line,
appears convincing, and I believe that when the system gets into every-
day work with heavy traffic it will still be able to hold its own.

There are many places in which this system could be used, where a
conduit system would be impossible. I may quote Argyle Street, Glas-
gow, as an instance. For a.bout two miles the Caledonian railway passes
under this street and line of streets with only about 10 inches between
the surface of the road and the top of the railway-arch. That is one of
the reasons why the Glasgow Corporation were unable to adopt a
conduit system, and had recourse to the overhead system with its
attendant disfigurement of the streets. I believe Mr. Walker's system
would ordinarily require more than 10 inches beneath the surface of
the road, but no doubt he could so modify' his arrangements as to be
able to supply what was needed in Glasgow, if that city should ever
wish to adopt his system. I must conclude by congratulating Mr.
Walker and those who have been associated with him in what I think
may some day be a great success ; and, for the sake of the surface
contact systems in preference to overhead lines, I very much hope it
will be successful. I have a very great sentiment against towns being
disfigured, I will not say by trolley wires when they run on poles
and parallel to the line, but against towns being disfigured by span
wires, especially where they guide the trolley wires round corners.

Professor Professor AYRTON : As Mr. Walker has intimated, there are, in
Ayrtcm. addition to the well-known trolley and conduit systems, two systems of

electric traction, namely a sub-divided conductor system in which the
road conductor is divided into a number of sections, each fairly well
insulated from the next and from the ground, and the so-called surface
contact system, with studs along the road which are stationary except
for an up and down motion and with which contact is made by means
of a piece of metal now called a skate and carried by the car. The two
latter systems, the sub-divided conductor and the surface contact
system, although not called by that name, form the subject of the
patent taken out by Professcr> Perry and myself eighteen years ago. It
did not attract very much attention at the time, although I think it is
generally admitted that it started the idea. According to the English
Patent law, the idea of a surface contact or the sub-divided conductor
is, after eighteen years, open to every one, and all that can be done at
the present day is to make it successful. It is a question, therefore, of
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detail, not of fundamental principle, that has to be considered to-night. Professor
Now, I do not want, in saying a few words about Dr. Thompson's and ^ on'
Mr. Walker's system, to be led into either of two errors : I do not wish,
on the one hand, 'to take too rosy a view, as I might be led to do,
because nobody longs more than I, as one of the originators of the
system, to see a surface contact system of electric traction really suc-
cessful; nor, on the other hand, do I wish to be so English as to
imagine that anything which has not been done cannot possibly be
done.

We were delighted when we heard, or read, the account given by
Professor Thompson of this perfected system at the British Association
Meeting in the autumn of last year at Bristol. Now, the first thing, I
am sorry to say, that struck me was that it was not as perfect as Dr.
Thompson had hoped, and as the world might have imagined on
reading the published account. My first criticism of the system as
described in the full paper is that if through dirt, or a piece of paper,
or whatever it might be lying on top of the stud, a skate failed to make
contact, it was impossible not only for the car to move on, but for any
other car behind to come after it. The whole line behind would
become absolutely blocked mechanically by the failure of the skate
on any one car to make contact with any stud. Also if, in the ,
generating station, the main fuse went for an instant, even if, in some
automatic way, it was rapidly replaced by another fuse, the whole line
would become dead ; and it would be absolutely impossible for any
car to regain current when the central station sent it out, because all
the plungers would have fallen and there was nothing on the car, and
no possibility in the system, whatever the central station might do
and whatever the cars might do, as described in the paper, to make
them alive again, so that the studs should obtain current and transmit
it to the cars. I do not know who pointed this out at the time—I
certainly did not publicly—but at any rate we were then answered that
the car carried a battery of accumulatorsof 500 volts. Of course that
gets over the difficulty ; but they were not referred to in Dr. Thompson's .
paper. It is to my mind a distinct disadvantage to the system, that
it is not completely automatic in itself, but requires each car to
carry a battery of accumulators giving 500 volts, so that if from dirt or
ice, or a piece of paper, or whatever it may be, the skate fails to make
contact, then this contact-box has to be made alive again by the car
using its battery of accumulators.

The next thing that struck me in examining into the system was the
existence of, to my mind, certain serious defects in the mechanical
part of the contact-box; but to-night we are shown a contact-box which
differs in many particulars from that described in the British Asso-
ciation paper. In the first place, as Professor Carus-Wilson has said,
the mercury contacts, on which such stress was laid in the paper, have
been entirely abandoned in only a few months, although the system
was supposed to be perfected. Secondly, the way in which the contact-
maker is moved is materially altered in the arrangement put before us
to-night. Why should a system which was so perfect and so good a
few months ago require to be entirely changed if the success of the
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Ayrton!°r tllin& is t l ie : detail? I have not had time to study the new contact-
box described in the paper of to-night, or to give sufficient consideration
to it to know what its defects are.

The question of leakage seems to me to be rather a serious matter
if we are to have the possibility of a leakage of five amperes at 500
volts per car; for it is stated on page 247 of the paper that, with bad
road conditions, the leakage may possibly approach 5 amperes—it is
4'5 amperes in the table. It may be, therefore, about 5 amperes,
and this current at 500 volts is 2\ kilowatts. I wonder what the
Board of Trade would say to 2\ kilowatts per car leaking to earth.
The second part of the same paragraph (on p. 247) enables one to
calculate how much power is supposed to be given out at the central
station. It says : " Taking only five line days to one wet one, the
average leakage will be under a quarter of an ampere per car, or
about 2 per cent, of the total power of the station." So that with
5 amperes leakage per car, something like 40 per cent, of the
whole output of the station per car may be leaking to earth.
Even if we disregard the question of the corrosion of pipes, this
waste of power is alone a very serious matter, and I think requires
most careful consideration before we can say that the system is one

»that is ready to put on the roads which, as we hope, the County Council
are shortly going to run electrically on the south side of the Thames.
I feel very ungrateful in what I am saying, as Professor Thompson
spoke so generously of my colleague and myself in his paper at Bristol.
I have, however, another feeling, namely, that I should not like the
County Council or any other public body in this country to adopt a
system under the idea that every detail had been worked out and that
success was guaranteed (a system which really, however, as the last
six months has shown us, is simply in the beginning of an experimental
stage), and then for that body to have to say later on that Ayrton &
Perry's old contact system is a failure after all.

Mr. Lawson. Mr. A. J. LAWSOX : I should like to ask for information with regard
to the width of the skates and the amount of curve permissible with a
system of this kind, without putting the contact studs very closely
together. It is more than possible that, with a very sharp curve, even
if the studs were close together, the skate might make contact with the
rail. Then with regard to the amount of leakage. Mr. Walker states
that we might take it on the average at one half an ampere per car.
This with forty cars would be 10 kilowatts. I should be very glad
indeed to supply such a system as this with current, metering the units
going out at the central station, for there would be 58,400 units leakage
per year with the forty cars supposed. On an extended system such as
the South London Tramways, the loss would be very considerable
indeed. - . . . . . • • • •

Now with regard to capital expenditure- on a. system of this
kind, I have some experience of the streets of London in putting
down lighting mains, and I know that there are almost as many
difficulties to be met with through want of room as there are in the
case of Argyle Street, Glasgow, instanced by Mr. Sharp. I should like
to know what would be the cost of the removal of the 48, 36, 24 and 16
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inch pipes of the gas and water companies, in order to make room for Mr. Lawson.
these plungers between the rails. I wish here to protest against the
sentimental rubbish so often stated with regard to the disfigurement
of the streets of London by overhead wires, especially when the
sentiment practically defeats the application of electricity to the pro-
pnlsion of cars on the tramways in London.

Mr. EUSTACE THOMAS: With regard to this system of surface Mr.Thomas,
contacts the matter is less a question of the general principle
adopted; which is very pretty indeed, than of the way in which the
details are worked out, so as to make it a practical success. I
cannot help doubting whether the details have yet reached an
approximately final stage. Thus, for one thing, a very long distance
is taken between the studs ; this is a small matter and could easily
be remedied, but it serves to illustrate my point.

With regard to the question of crossings, in going over a crossing
with a large amount of mud on the road there would be enough
leakage at first to start an arc which would blow the fuses in
the studs. This would not stop the line, perhaps ; but it would
be a serious objection in practical working. It might to a great
extent be avoided by using a second set of studs connected' to a
negative distributor. The suggestion of insulating the portions of
the rail lying between the main rails on the track on which' the car
is travelling has been made; but that would be difficult to do in
practice efficiently from both mechanical and electrical points of
view.

There are many details in the switch which do not appear
to be quite practical at this stage. In the first place, it has been
decided, as far as we can judge from the paper, to work with the
switches underneath the stud. Those who have used surface contact
systems have, I think, come almost universally to the conclusion, that
it is necessary to remove the switch from the stud and put it in a
special vault, and I cannot help thinking that perhaps the next stage
will be that the author will modify the system so as to remove the
switch from the stud. As illustrated, there are two joints, one of
which is made between two pieces of metal with micanite between,
it being necessary to insulate the two pieces of metal from one
another. When we remember that cart wheels are liable in crossing
to strike heavy blows on these studs, and that this may occur very
frequently; and when we also remember that there is, to a. smaller
extent, a hammering of the plunger inside, it is to be expected that
trouble will occur with the micanite. There must, at any rate, be
always a difiiculty in trying to keep a material of this sort in good order
over a long period, even although it may be able to take a steady
pressure of 15 tons without damage. Then, in consequence of the
hammering of micanite or of any other insulating material that can be
put in, the tops would be likely to get loose in time, and constant
supervision would be required to prevent water getting into the switch.
Every precaution appears to have been taken to prevent any water
that may get in doing damage ; but it is certain that, if it does gain .
admission,. the precautions taken will not eliminate trouble. Then
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Mr. Thomas, taking the switch as it stands, the yoke is as likely to stick to the
lower portion of the coil, as the plunger to stick to the yoke. If that
were to happen, the fuses would frequently require renewal.

One very great difficulty, which it may be difficult to surmount in
this system, is that a shunt coil is used ; and it is necessary after every
contact with a stud, that the current should be broken. Those who
have worked with electric motors, with all the experience that has been
gained in connection with the insulation of the magnet coils, know
what a great difficulty there is, even when one is working with fairly
large coils and is not hampered for space, in managing to break the
circuits without getting breakdowns. That has to be guarded against
in all shunt coils, and it will be necessary to take great precautions to
ensure safety in working.

I repeat, that the whole thing comes to this : it is a very pretty
system in principle, but it has to be proved whether or not under
practical conditions, working on ordinary roads, it is possible for it to
become a commercial success.

Mr. Cozens- Mr. E. H. COZENS-HARDY : The author has shown such ingenuity
Hardy. j n gej-j-jng o v e r the ordinary difficulties in surface contact systems due

to leakage current magnetising the switch, that under ordinary con-
ditions it is difficult to say how the plunger could be raised ; but the
safety of such a system is determined by extraordinary, rather than by
ordinary, occurrences, and it seems to me that there are certain con-
ditions under which the magnet might hold up the plunger. In the
first place, alluding to Mr. Thomas' remarks as to the insulation of
the coil, if part of the coil became short-circuited it is conceivable
that when the plunger was up it might be out of balance, due to dis-
arrangement of the coil, and so be held up although there might not
be enough to draw it up initially. With regard to leakage, the amount
depends to a very large extent on the behaviour of the horses
on the particular part of the road in question. As a result of actual
experience of surface contact systems with lengths of rail in stone
setts, the leakage at 500 volts from a 2-ft. length of rail has, under
certain conditions, risen to 20 or 30 amperes. The conditions under
which I measured the current were that the liquid from a stable drain
was poured out over the rail in the centre. Such conditions, though
not of ordinary occurrence, are always liable to arise, and the trouble
from such a source would last for some considerable time. The
vestries take care of the solid form of street refuse, but they cannot
remove the liquid, and the result is that a leakage of 20 amperes may
go on for some considerable time from a stud.

With regard to the studs, I do not know how long the plunger takes
to fall, but it seems to me that if it requires an appreciable time, say a
little less than a second, to do so, a heavy dray with a large iron tyre
crossing the track immediately behind the car might provide the
necessary piece of iron for the plunger to attract, and so keep the
stud alive. Then, in Paris, they have had considerable difficulty with
the wear of brass studs, and have found that their ordinary life is less
than six months ; but, if they are of iron, very considerable difficulty
will be experienced, I imagine, on account of the plunger sticking.
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The question of the insulation of the rail is another very important Mr. Cozens-
matter, but no mention has been made of the manner in which it is
proposed to carry it out.

Mr. G. C. SILLAR : I can confirm the last speaker's statement with Mr. sniar.
regard to the excessive leakage that takes place in connection with the
surface contact system he has spoken about. I think he underestimated
the amount, when he said that from a 2-ft. rail there was rather
more than 20 amperes leakage with 500 volts pressure, under the.
conditions he mentioned.

I agree with Professor Ayrton that it is by the practical application
of the principle of the surface contact, that the success or otherwise of
the system will be- determined. If the author comes to consider the
details of a car running, under practical working conditions, and taking
ordinary curves and ordinary gradients over bridges, he will find very
great difficulties in dealing with the skate. I have had experience in
connection with this, and, I may say that, in ordinary car-building work,
it is customary to allow not less than 3^ to 4 inches from the roadway
to anything on the underside of the car to clear obstructions ; and in
electric tramway work even that amount is not always found quite
sufficient to clear the bottom of the motor when travelling over bridges
of short, sharp gradients, or when turning corners and sharp curves.
On a car with a skate of about 16 feet from point to point of support, I
have found that there is a side-swing of from about 2 feet to 2 feet
4 inches. I am quoting entirely from memory and cannot be quite
certain of my figures; but, practically speaking, in order to cover a
surface contact stud throughout the length of the car, on a curve of
something like 30 feet radius, it would be necessary to have the skate
about 4 feet wide. I do not think that would be practicable, and in the
case that I have in mind, we had to introduce some fanciful arrange-
ments in order to make the thing practicable at all.

Professor R. H. SMITH : May I ask Mr. Cozens-Hardy if it is not Professor
a fact that the studs in Paris to which he referred, and which he said Smith-
lasted about six months, stand nearly an inch above the ground ?

Mr. COZENS-HARDY : No ; they project half an inch. Hai-d^6"*"
Professor SMITH : I do not think ordinary quarter-inch studs can Professor

possibly last six months, and on that line, I believe, there are no sharp
angles.

Mr. E. TREMLETT CARTER : The question of the mechanical diffi- Mr. Carter,
culty with regard to the collision of the skate with the projections in
the roadway, could easily be determined by putting a skate on an
ordinary tramcar and trailing it about. This would very soon show
whether the humps and hollows in the Holloway Road would affect the
skate.

I can testify to the rapidity with which the studs can be removed,
for inspection or repairs, because I have timed the removal of one of
them on the experimental line, and found it to be a matter of a very
few seconds. But if the stud should happen to be under slush or water
at the time of the removal, the cavity, even in these few seconds, would
be filled with water and mud and stones, and I should like to ask how
they are to be removed ? It seems to me, looking at the latest pattern
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Mr. Carter, of box, that a lot of water will run in unless it is quite filled up with oil,
and even then stones or some mud would sink down, and there can be
no provision for trapping those into the drains because the box is filled
with a fluid oil. I think it is the most practical form of surface contact
that has yet been devised ; and my impression, after seeing it at work
at Willesden, was that it is a system which ought to have a fair trial on
a short length of public highway.

Wilson0' Professor E. WILSON [communicated] : In offering the following
remarks, I should like to compare the Thompson-Walker system with
two other surface contact systems. The first is that in which an ex-
ternal magnet carried by the car. is the only means employed to lift an
underground iron bolt and thus establish a contact between a surface-
button and the supply feeder. I will refer to Diatto's system in which
an iron bolt is guided vertically and floated in mercury. The rubbing
skate or shoe on the car carries a series of electro-magnets, and these act
upon the bolt, causing it to rise and establish a contact. Diatto's
system resembles the Thompson-Walker in that it has only one row of
studs, but the two systems are totally distinct in this respect, that in
Diatto's only the external magnet is required to operate, whereas in the
Thompson-Walker the presence of an external mass of iron as well as
a magnetising current in the underground coil are required. The
Thompson-Walker system has/ then, the advantage that when the
current is stopped and the iron skate removed by the passage of the
car, the whole force of gravity acts upon the bolt for the purpose of
severing the contract; whereas in Diatto's system the force on the bolt
is the difference between the forces due to gravity and the upward
pressure of the mercury ; moreover, Diatto's system has not the in-
genious short-circuiting device possessed by the Thompson - Walker
system. Suppose it be demonstrated that these two systems are equally
good with regard to public safety, reliability of working, and power
taken to work the switch; then the questions of first cost and main-
tenance have to be considered. It must be remembered that in a large
system a certain cheapening per switch underground means that per-
centage gained on a large proportion of capital expended—whereas the
doubling even of the cost of an apparatus in the car is not serious, since
the cars are few compared with the number of underground switches.
For instance, in the Thompson-Walker system there is a magnetising
coil underground, whereas in Diatto's there is not. Would this make
much difference in the first cost of the switch ?

The other system I wish to mention is that in which only a magne-
tising current is employed to lift the underground bolt and establish a
contact. No external magnet is required. The Wheless and Johnson-
Lundell systems may be mentioned. In each of these, two rows of
surface studs, or their equivalent, were employed, although I am
informed that Wheless now works with one row. In these systems
the public safety is reduced to the falling of a bolt under the force
of gravity, but only the one agent—namely the magnetising current
—is required to actuate the switch. Further, two magnetising coils
are wound on each switch in these systems, but neither of them
employs the very ingenious method adopted in the Thompson-Walker
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system of severing connection from the underground feeder by melting Professor
ci fuse in the event of the bolt falling and the switch not severing
contact.

With regard to the adoption of surface contact systems in practice.
In places where the authorities will not have an overhead wire, for
instance, in the middle of a large town, there is the choice of using
(i) a slotted conduit system, (2) a surface contact system, (3) batteries.
In such a position as this, reliability of working is of the utmost import-
ance, since a breakdown would be very serious indeed. Public safety
and reliability are the important points, and the authority would be badly
advised to put in a system on account of its being cheaper, unless it was
equally as good from the other points of view. On the other hand, if the
systems are equally good as regards public safety and reliability, the
question resolves itself into one of cost, by which is meant first cost,
cost, of supervision, maintenance, &c, and cost of power to work, and
leakage. The change over from slotted conduit to overhead is easily
and quickly effected, and batteries are favoured in places. It would
have added to the interest of the paper if Mr. Walker had given the
cost, say, per mile, so that a comparison with the slotted conduit and
battery systems could have been made.

The CHAIRMAN : I will now call on Mr. Walker to reply to the criti- The
cisms that have been made ; and perhaps I may take this opportunity
of expressing very briefly that, while it is known to everybody that I
am deeply interested in the particular matter which has been brought
before the Institution to-night, I have left to my colleague, Mr. Walker,
the entire responsibility of preparing this paper, and of placing it
before you, and I leave entirely to him the responsibility for any reply.
I have listened with intense interest to the discussion, to all the terrible
things that ought to happen when we get to work, the skates that must
be 4 feet wide, and the leakage that must be 50 per cent, of the total
output of the station. And I listened with some amusement, because it
has fallen to my lot to spend time and money on actually trying whether
any of these dreadful things do, in fact, take place. The results of the
experiments you have had narrated to-night by Mr. Walker.

Mr. M. WALKER, in reply, said : I wish to thank those who have Mr. Walker,
spoken, for their comments and criticism. I think that I shall be able to
.give satisfactory answers to the objections that have been raised, though
the time does not permit my entering into some of them as fully as I
should like.

Professor Cnrus-Wilson thought that the leakage might affect the
current supplied to the shunt. But as the stud (connected direct to the
main) is maintained at 500 volts above earth, no amount of leakage can
affect the shunt current. The liability of the switch to open just as the
skate is being removed and before it breaks connection with the stud is
obviated by bending up the end of the skate as shown in Fig. 6. The
electrical connection is broken before the iron is moved away far
enough for the switch to open.

I can heartily congratulate Professors Ayrton and Perry on being the
first in the field with sectional conductors. It is their misfortune that
they were so much before the times. Professor Ayrton need not feel
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Mr. Walker, that his remarks are ungenerous, because we are glad to have his
criticism. I think he is mistaken as to the question of accumulators on
the car. The.desirability of carrying on the car a small accumulator
for the purpose of picking up was certainly mentioned at Bristol.1

We did not state what the voltage of the accumulators should be,
because it was at that time (and, in fact, still is) uncertain what voltage
is required. A 500-volt accumulator certainly has drawbacks.

But in some of our designs the switch only requires 100 volts to
pick up, and there is no great objection to a 100-volt accumulator,
especially as it is common to carry a considerable battery for the
purpose-'of lighting. Besides, there are well-known methods of trans-
forming which would only require a few cells, and even these can be
dispensed with if we prefer to carry a small generator somewhat larger
than that used in the Evershed testing set. The closing of the switch
is so quick that even under the worst conditions of leakage the amount
of energy required to operate it is too small to present any practical
difficulty. It is not true that we have abandoned mercury contacts.
On the contrary, we find them more reliable than any other contact we
know of. But there is an enormous prejudice against mercury contacts.
This is mainly in the minds of those who have employed them for
purposes for which they were unsuited. We wish to show that the
mercury contact is not, by any means, an essential of our system, and
for that reason I show here to-night a switch without mercury contacts
which does its duty perfectly. I am content for the moment to
leave a debatable question behind. Nevertheless, the switches on our
experimental line have mercury contacts, and as an answer to the state-
ment that our designs have been changed, I may say that, with the
exception of two boxes that were reserved for experimental work, our
switches at Willesden were designed more than eighteen months ago,
and have been doing their duty well ever since they were first put in
their boxes. Of course we have had dozens and dozens of designs, and
several of them have been made up and tried, but it cannot be said for
that reason that we are not certain of our ground. One might as well
say that the dynamo was an unreliable machine because engineers have
been improving it for the last twenty years. There is the switch upon
the table : we ask you for your criticism of it as it stands.

With regard to the question of leakage, I have only to say that the
figures given in the paper were taken for the purpose of ascertaining
what the leakage would be. We had actual mud taken from a road,
and the current was measured with a Weston ammeter. It is
unfair to say that the figures are low and that seven or eight amperes
would be nearer the mark, unless that statement is based upon experi-
ment. The case cited of a 10-ampere leakage from a 2-ft. rail is a
corroboration of my figures. The leakage depends mainly upon the
perimeter of the conductor. Our studs have a perimeter of 15 inches ;
the rail had, say, 54 inches. My measurements point to a leakage of 8

1 On (referring to the printed British Association paper, I find that the
method of picking up is not described, so that Professor Ayrton was right.
The use of accumulators was, however, described at Bristol as well as in other
accounts of system published previously.
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or 9 amperes from the rail, and it is admitted that the conditions were Mr. Walker,
very bad indeed. It does not give one a clear idea of the importance
of leakage to sum up the amount of kilowatt-hours wasted in a year
in a large tramway system. The right way to evaluate it is as a
percentage upon the whole power. In electric lighting accounts
one usually notices in separate columns two items, " total units
generated" and "total units sold." My recollection is that these
generally differ by much more than two per cent. Mr. Lawson says
that he would like to be paid for all the power wasted by our surface
contacts. We should have no objection to pay him for that power ; it
would come to much less than the power wasted in carrying heavy
accumulators. Our scheme would then have a feature to commend it to
him, at any rate, more highly than schemes involving " total units
unsold." The question of injury to pipes hardly arises, because the
leakage that occurs is only from the stud under the car, not from all the
studs, and being a surface leakage goes direct to the rail.

Mr. Thomas's remarks were very much to the point, and I will pro-
ceed to answer the objections he has raised. It is not right to assume
that our system is defective because we have a great distance between
the studs, while other experimenters on surface contacts have employed
shorter distances. Other experimenters have been hampered with the
difficulties of interconnections and the necessity of covering a stud in
advance. The very object we had in view in our magnetic contrivance
was to have a perfectly free hand with regard to the method of con-
necting with the main and the spacing of studs. We are enabled by
the use of shunt coils to place the studs far wider apart than is possible
in any series system. So far from thinking that 15 feet is too great a
span, we propose to increase the distance between studs for bogie cars
to 25 feet or more. As Mr. Thomas says, the risk of a "short" to rail is
one that can be met. I do not think that an arc will start through an
inch of wet mud, but if in practice it was found occasionally to happen,
it would be an easy thing to place a brush, which could be depressed
at will, in front of the skate so as to remove any deep mud. The
question whether it is better to put each switch in a separate box or
group several switches in the same box is a debatable one. I have not
time to enter into all the pros and cons. The matter is only of import-
ance from the point of view of economy. The permanent insulation
of the stud is a matter of vital importance. It is only by long experi- •
ment in the street that we shall be able to find out what will last and
what will not. We believe that the micanite rings screwed down with
great pressure between broad metal surfaces will stand the street
traffic. We, however, suggest an alternative method, namely, the '
encasing of the studs in solid blocks of granite. We have been
obtaining estimates of the .cost of this, and efind it does not add
greatly to the cost of the boxes. The possibility of the yoke sticking
is one which does not arise, because there is not as much fluid damping
between the yoke and the frame as there is between the plunger and
the yoke. There is no great rise of voltage upon, the breaking of the
shunt current, because the mutual induction with the solid brass bobbin
upon which the shunt is wound yearly wipes out the self-induction of
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Mr. Walker, the winding. If the wearing caps on the studs have to be renewed
every six months, that will be only a very small i tem of expense.

The keeping put of mud when the boxes are opened is not a difficult
matter. In the first place, the lid of the box is never in a hollow of the
road. It will always be out of the worst puddles. In the next place,
it is an easy matter to brush away the mud round a stud before lifting
it out. W h e n the lid is once screwed down it is impossible for water
to get in. The difficulty which has ordinarily arisen in keeping man-
holes water-tight has arisen from the large size of the man-holes and
the imperfect means of securing the lid. W e have foreseen this
difficulty from the first, and we have thought that to get the most
perfect water-tight joint it was desirable to keep the lids small and

,. massive, and at the same time to screw them down against a true metal
seat in which was inserted a rubber ring. Wi th this rubber r ing
tightly compressed in its groove we have a joint which is as tight and
solid as the stopper of a lemonade bottle, and we can absolutely
guarantee the. exclusion of water.

The The CHAIRMAN : I am sure we are all desirous of giving our thanks
to the author for his paper. Your cheers have already conveyed the
expression of our thanks to him.

T h e CHAIRMAN : I have to announce that the scrutineers report the
following candidates to have been duly elected :—

Associate Membdrs:

Alfred Henry Victor Baughan.
Ernest William Dunton.

Alfred Edward Farrow.
Stephen John Watson.

Associates :

Ernest Coates.
Richard Humphries.

Edmond Keith Abbott.
Gerald Rickett Blackburn.
Montague Bush.

Students:
Kenneth William Fiddian. | . Charles Wilfred Hacking.




